exit side of the Golgi to the cell surface, as well as to other organelles such as endosomes and lysosomes. Clathrin vesicles are also involved in endocytosis.
The Golgi is composed of flat membrane cisternae that are arranged in parallel into a multilayer stack. In 1970, based on observations of the intra-Golgi movement of algal cell wall components (termed scales), the concept of Golgi cisternal maturation was proposed; and this idea eventually developed into the current "cisternal maturation model" for protein transport in the Golgi [Brown et al. (1970) J. Cell Biol. 45, 246-271] . The cisternal maturation model, in contrast to the conventional view that regards the Golgi as a stable structure, views the structure of the Golgi as dynamic. In this model, newly formed cisternae at the cis-Golgi (cis-cisternae) migrate through the Golgi stack, changing to medial-cisternae and further to trans-cisternae as they mature.
This maturation process is thought to occur through the retrograde transport of resident Golgi enzymes by COPI vesicles. This model could explain how some large cargoes, such as procollagen, which are too large to be packaged into transport vesicles still are able to move forward within the Golgi stack and be transported to the cell surface. Although there have been intensive debates on protein transport within the Golgi, in 2006, two groups-one led by In their study, Rothman's group expressed a chimeric protein comprising the signal peptide of the cell surface glycoprotein CD8 at its N-terminus, a fluorescent protein, 4 tandem FM proteins, and the rest of CD8, including its transmembrane region and Cterminus. As soon as this chimeric CD8 (CD8-FM4) is synthesized in the ER, it forms aggregates. Since these aggregates are electrondense, they can be detected by electron microscopy as dark spots.
Furthermore, since the aggregates are too large to be packaged into transport vesicles, they remain in the ER. However, when treated with AP21998, the aggregated CD8-FM4 dissociates and can be transported to the Golgi and then from there to the cell surface.
Rothman and colleagues used this system to determine how cargo proteins are transported within the Golgi.
It has been known for some time that intra-Golgi transport to allow intra-Golgi transport to proceed. If intra-Golgi transport occurs via cisternal maturation, they would have expected to find CD8-FM4 on the cell surface. If, however, the cisternae are stable and protein movement is dependent on transport vesicles, then the aggregated CD8-FM4 should not have been able to move from the cis-Golgi because of the size of the aggregates (which would be too big to package into vesicles); and, indeed, they found that CD8-FM4 remained at the cis-Golgi.
Finally, Rothman et al. expressed a soluble protein fused to FM (FM4-hGH) and compared its transport to that of CD8-FM4.
Cells co-expressing CD8-FM4 and FM4-hGH were incubated at 16°C in the presence of AP21998 to allow both proteins to reach the cis-Golgi. AP21998 was then removed, and the cells were warmed to 37°C, as described above. Subsequently, FM4-hGH was found outside of the cells, whereas CD8-FM4 remained inside.
Furthermore, electron microscopy of these cells showed that FM4- In marked contrast, Luini's group used the cis/medial-Golgi enzyme, mannosidase I, and swapped its catalytic domain with 3 FM proteins (MANI-FM). Then, they first expressed MANI-FM in the presence of AP21998 so that it could reach the Golgi.
Next, after removal of AP21998, the intra-Golgi localization of MANI-FM was examined in relation to the location of cis-and trans-Golgi markers. Immediately after AP21998 was removed, MANI-FM was mostly found in the cis/medial-Golgi. After 12 and 20 min, however, it moved to the medial-and trans-Golgi, respectively, which is consistent with cisternal maturation. To follow the movement of MANI-FM from the trans-Golgi, they next expressed MANI-FM in the presence of AP21998, removed AP21998, and waited for 20 min to let MANI-FM move to the trans-Golgi as described above. Then, they added AP21998 again to disaggregate MANI-FM. After 1.5 min, MANI-FM was found in vesicular/tubular structures, and after 3 min, it was back in the medial-Golgi.
This indicates that MANI-FM at the trans-Golgi was transported to medial-Golgi by vesicular/tubular containers. Thus, their results support the cisternal maturation model, which argues that resident would be a powerful tool to observe the subtle changes that can occur within a few min in a tiny organelle such as the Golgi. It is interesting that both groups used a conventional technique rather than this powerful new technique. Why did they prefer the conventional one? Was photobleaching or the requirement for the use of restricted fluorophores for super resolution microscopy problematic for them? Nonetheless, using the FM-based strategy employed by both groups, it is highly likely that the mechanisms underlying sugar modification of proteins, which occurs through their movement within the Golgi apparatus, will soon be elucidated.
